The antifungal and cytostatic compound strobilurin M (1) is a new variant of the strobilurins produced by Mycena sp. 96097, a tropical basidiomycete. The same fungus was found to produce tetrachloropyrocatechol (3a) and tetrachloropyrocatechol methyl ether (3b), new natural products, which exhibit antifungal, antibacterial and cytotoxic activities.
The antifungal and cytostatic compound strobilurin M (1) is a new variant of the strobilurins produced by Mycena sp. 96097, a tropical basidiomycete. The same fungus was found to produce tetrachloropyrocatechol (3a) and tetrachloropyrocatechol methyl ether (3b), new natural products, which exhibit antifungal, antibacterial and cytotoxic activities.
The genus Mycena (Agaricales, Tricholomataceae) has been a good source of new antibiotic metabolites. Cultures of Mycena leaiana are known to produce the bioactive sesquiterpenoid leianafulvene 1). Mycenon, a chlorinated benzoquinone derivative is an inhibitor of isocitrate lyase from Mycena sp. 872022). Two tetraacetylenic metabolites, 10-hydroxyundeca-2, 4, 6, 8-tetraynamide and 3, 4, 13-trihydroxytetradeca-5, 7, 9, 11-tetrais acid5). Haematopodin, a pyrroloquinoline derivative was isolated from Mycena haematopus6). Remarkable is the tetrachlorohydroquinone methyl ether (drosophilin A), from Mycena megaspora7), which exhibits several biological activities8). Many Mycena species have been described to produce strobilurins and the related fungal activities due to an inhibition of the electron transfer within the bc1 complex (complex III) of the respiratory chain10,11). In the following, we wish to describe the production, isolation, biological properties and structure elucidation of strobilurin M (1), tetrachloropyrocatechol (3a) and tetrachloropyrocatechol methyl ether (3b) from Mycena sp. 96097.
Materials
and Methods
General
For analytical HPLC a Hewlett Packard 1090 series II instrument and for preparative HPLC a Gilson model 302 or Jasco PU-980 instrument were used. TLC experiments were performed on Macherey-Nagel Alugram Sil G/UV254 precoated plates. NMR spectra, 1H NMR at 600MHz and 13C NMR at 150MHz, were recorded at room temperature with a Bruker AMX 600 spectrometer, in CDCl3 or CD3OD with the solvent signals 
Tests for Biological Activities
The assays for antimicrobial13) and cytotoxic14) activities were carried out as described previously. The inhibition of respiration of Penicillium notatum was measured as described by WEBER et al.15)
Results and Discussion
Production of Strobilurin M (1) and Other Strobilurins Figure 1 shows a graphical representation of several parameters monitored throughout the course of a typical fermentation of Mycena sp. 96097 in cornmeal medium. The production of strobilurin M in the mycelia and in the culture fluid, as detected by HPLC, started after 18 days and peaked after 30 days. Activity in the agar diffusion assay was already detected after seven days and was due to the presence of strobilurin A, which disappeared after 20 days. At the same time, strobilurins D, E and M were detected. D and E peaked after 25 days at 0.5mg/liter and 0.35mg/liter respectively. Maximum activity was reached after 28 days, which was due to the simultaneous presence of the strobilurins M, D and E. On day 32, when the content of 1 in the culture fluid as well as in the mycelia was highest, the fermentation was terminated. The halogenated phenols could not be detected in fermentations in cornmeal medium.
Production of Tetrachloropyrocatechol (3a) and Tetrachloropyrocatechol Methyl Ether (3b)
For the production of tetrachloropyrocatechol (3a) and tetrachloropyrocatechol methyl ether (3b) YMG medium was used for fermentation. Antifungal activity appeared after four days in the culture fluid and after nine days in the mycelia. Maximum activity was observed after 24 days due to the simultaneous presence of 3a, 3b and traces of the strobilurins M (1), D and E (2).
Structural Elucidation of Strobilurin M (1)
The UV and IR data of 1 resemble those of strobilurin E (2)15,16). As indicated by its molecular formula, C26H34O6 (HR-MS), 1 contains two more hydrogen and one less oxygen atoms than 2. The 1H and 13C NMR spectra (Table 1) The attachment of the dioxane ring to the benzene nucleus was established by selective decouplings of the 1H -coupled 13C NMR spectrum ( Table 1 ). The pair of tive irradiation at the frequency of the CH2-group in the dioxane ring. Simultaneous irradiation at all aromatic resonances changes the signal to a doublet (3JC-3,H-1' = 5.5Hz) due to the remaining coupling to one of the methylene protons (Figure 3 ). The substitution of 1 at the dioxane ring given in Figure 2 corresponds to that of strobilurin E (2) whose The two phenols 3a and 3b were identified by NMR spectroscopy and mass spectrometry. The EI mass spectra showed the typical isotope pattern of four chlorine atoms, and high resolution measurements indicated an elemental composition of C6H2Cl4O2 and C7H4Cl4O2 for 3a and 3b, respectively. From the 13C NMR spectrum and comparison with an authentic sample 3a was identified as tetrachloropyrocatechol (3a). In 3b, the presence of an additional O-methyl group was supported by the 1H and the 13C NMR spectra, and due to the loss of symmetry all carbons are nonequivalent. Since the 13C chemical shifts of 3b are close to those of 3a the compound was identified as 3, 4, 5, 6-tetrachloro-2-methoxy-phenol 17). Tetrachloropyrocatechol (3a) is a metabolite of the biocide pentachlorophenol in vitro and in vivo18), but to our knowledge 3a and its monomethyl ether 3b are not known yet as natural products. Table 2) . Growth of most test organisms Tetrachloropyrocatechol (3a) and Tetrachloropyrocatechol Methyl Ether (3b) 3a and 3b both exhibit antimicrobial and cytostatic properties. In the serial dilution assay, MIC's of Table 3 . Antimicrobial activity of tetrachloropyrocatechol (3a) and tetrachloropyrocatechol methyl ether (3b) in the serial dilution assay .
compounds appear to be biocides with a broad spectrum of activities.
